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The D+n° and D*+7 decays of D+ (2317) are studied by assigning it to various charmed strange 
scalar mesons. As a result, it is found that its assignment to an iso-triplet four-quark meson is favored 
by the severest experimental constraint on the ratio of the rates for these decays, while assigning it 
to an / = state (a four-quark or a conventional {cs}) is inconsistent with this constraint. 

PACS numbers: PACS number(s) : 14.40.Lb 



Recently, a narrow D+ir° resonance of mass ~ 2317 
MeV has been observed Q, @, and various proposals 
regarding its assignments have been made 0, 0, M El j 
including the proposal that it is the ordinary scalar 
D^q ~ {cs} 0, which is the chiral partner of Df 
However, its isospin quantum number is not yet known 
definitely, although its neutral and doubly charged part- 
ners have not been observed This is because the 
observation of different charged states is closely related 
to their production rates, which are still not known. In 
addition, if it is assigned to D*q , it is not easy to satisfy 
the severest experimental constraint on the ratio |2(, 



-^exp — 



_ r( J D+(2317) - D*+j) 



r(£>+(2317) - D+ifi) 



< 0.059, 



(1) 



cxp 



as discussed in Refs. 01 an d E2 I n particular, the 
heavy- hadron chiral perturbation theory .12] provides a 
ratio (of leading order) that is larger by at least a fac- 
tor of 2 than the upper bound given in Eq. iJT]). and the 
result of the next-to-leading order includes too many un- 
known parameters to give a definite prediction for this 
ratio. It has also been argued that this ratio would be 
larger than unity if this resonance were assigned to a 
DK molecule. In this article, therefore, we study the 
D+(2317) -> D* s +j and D+ (2317) -> D+n° decays 
rather phenomenologically (without considering the de- 
tails of models) and demonstrate that Eq. can be 
easily satisfied if £>^q(2317) is assigned to the iso-triplet 
scalar four-quark meson, Ft ~ [cn][sn]j = i (n — u, d), 
while it is difficult to reconcile its assignment to an / = 
state (the conventional scalar, D*^ ~ {cs}, or the scalar 
four-quark, Fq~ ~ [cn][sn]/ = o) with Eq. (For no- 

tation of four-quark mesons, see Ref. ja].) The pos- 
sible existence of such four-quark states has also been 
suggested for light flavor mesons (the nonet of [99] , 
S s , <7 S , a, k) [T3I IliL fl5| . which would correspond to 
the observed light scalar mesons 0], ao(980), /o(980), 
cr(600) and k(800) Jl7|. respectively. Therefore, we as- 
sign the observed scalar nonet to the [99] [99] nonet, so 
that we can easily determine the approximate degener- 
acy between the observed ao(980) and / (980). 

If 1)^(2317) is assigned to Pf, its decay into Dfn° can 



proceed through isospin-conserving strong interactions. 
Therefore, it was naively conjectured that the decay is of 
the so-called fall-apart type and that it has a high rate 
(~ 100 MeV or more) However, this argument is 
quite naive, as seen below. A four-quark [qq] [99] state can 
be decomposed into a sum of products of {qq} pairs with 
different color and spin, and their coefficients are given 
by the crossing matrices for color and spin 0] . The Df 
and 7T° in the decay Fj — > Dfw° are color-less and spin- 
less, and the corresponding coefficient is much smaller 
than unity; i.e., the overlap of the wave functions of the 
initial Fj~ and the final Dfn is small. In this way, the 
narrow width of Fj~ can be understood 0, as seen 
more explicitly below. The rate for a decay A — > BC is 
given by 



T(A -► BC) 



1 



2 J A + 1 



8TTm A 



J2\M(A^BC)\ 2 , (2) 



where J a and rriA denote the spin and mass, respectively, 
of the parent particle A, and q c the center-of-mass mo- 
mentum of the final particle. The amplitude for the decay 
Dfn , as an example, can be approximated as 



M(Fj 




(3) 



by using a hard pion technique with the PCAC (par- 
tially conserved axial- vector current) in the infinite mo- 
mentum frame (IMF) [20J, |21| . The asymptotic matrix 
element of A„ (i.e., the matrix element of A^ between 
single hadron states with infinite momentum), 
gives the dimensionless ABtt coupling strength. Here, 



we compare Fj 



D+ir° with S s 



rjTT + by us- 



ing asymptotic SUf(A) symmetry (roughly speaking, the 
SUf(A) symmetry of the asymptotic matrix elements). 
The above-mentioned hard pion technique, the asymp- 
totic flavor symmetry and their important results are 
reviewed comprehensively in Ref. [21|. The amplitude 
for S s+ — ► ?/7T + is obtained by replacing {F]~ , Df, tt°) 
by (S s+ , T), 7T + ) in Eq. The usual r)-r)' mixing 0] 
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leads to 77 — cos 9 • rf 1 — sin 9 ■ 77 s , where 77™ and 77 s are 
the {mi} and {ss} components of 77, respectively, and 
9 = x + Sp, with cosx = 1/Vo and the 77-77' mixing 
angle Bp ~ —20°, which implies that the 77-77' mixing is 
far from the ideal one. Because only the 77 s component 
survives in the matrix element (r)\A 7r -\5 s+ ) , due to the 
OZI rule, we have (r]\A n - \d s+ ) = - sin 9 • {if\A^- \5 S +). 
A naive application of the asymptotic SUt{A) symmetry 

yields ^/2{Df\A„o\Ff) = {r 1 s \A^-\5 s+ ). This estima- 
tion, however, is too naive, since the wave function over- 
lapping in Fj — ► Dfn is small, as seen above, while this 
is not the case in S s+ — > rjTr + , because gluon exchanges in 
the system, which are more often at a lower energy scale, 
reshuffle color configurations and spin configurations and 
cause configuration mixings. As a result, the S s+ — » r/7r + 
decay would be nearly of the fall-apart type. Therefore, 
we modify the previously employed asymptotic SUf(4) 
relation with asymptotic matrix elements (including four- 
quark mesons) by introducing the parameter 



V2(D+\A„o\F+) 
(7fK-|^+> 



(4) 



In the naive limit of the asymptotic SUf(4) symmetry, 
we have (3 — 1, as seen above. We hereafter refer to 
the symmetry in the (3 ^ 1 case as the modified asymp- 
totic SUf(A) symmetry. For simplicity, we consider the 
limiting case in which there is no configuration mixing 
for Fj , while there is no suppression arising from the 
crossing matrices for S s+ (and there is maximum mixing 
of the color and spin configurations). In this case, we 
have |/3 1 2 = from the crossing matrices for color and 

spin 0|. Inserting |(?7 s |A ff - \8 s+ )\ ~ 0.8 obtained from 
the tentative value T(ao — > ?77r + ) ~ 70 MeV (noting that 
the measured rate is 50 — 100 MeV |l6|), we obtain 



T(F+ -> Dfir ) ~ 9 MeV. 



(5) 



Here ao(980) has been assigned to 5 s , and |/3| 2 ~ has 
been assumed. This result seems to be slightly larger 
than the measured width of D^(2317) but still con- 
sistent with the data if the SU / (4) symmetry breaking 
arising from the overlapping of spatial wavefunctions that 
was not considered above is taken into account. (Note 
here that the asymptotic SUf(A) symmetry transform- 
ing q — ► c overestimates the size of the asymptotic ma- 
trix elements involving a charmed meson state |19| by 
~ 20 — 30%.) This suggests that the situation consid- 
ered above, in which the strong interactions are pertur- 
bative at the scale of charm meson mass while they are 
non-perturbative at a scale < 1 GeV, is approximately 
realized, at least in the system under consideration here. 
In this case, the strange quark will be rather slim (with 
a smaller mass) at the scale of the charm meson mass, as 
will be briefly discussed later. 

When D J, (2317) is assigned to an / = state (the 
or the four-quark Fq ), the 



decay — > _D+7r°orF + — > Dfn° does not con- 
serve isospin. As is well known, isospin violating phe- 
nomena (e.g., the difference between d-u quark masses, 
Atott = m 7T ± — m^o, ArriK — ra^o — itik+, etc.) have 
been considered as second-order effects of QED [22j , and 
the isospin non-conserving 7r°-?7 mixing |23l l24j could be 
of the same origin. (However, this is not assumed in 
this article.) Therefore, the isospin non-conserving de- 



cay D* 



Dfn otF, 







Dfn , which is assumed 
below to proceed through 7r°-77 mixing, is conjectured in- 
tuitively to be (much) weaker than the radiative decay, 
in contrast with the results obtained from specific mod- 
els 

Before studying isospin non-conserving decays of D* + , 
D*q and F^ , we first investigate their radiative de- 
cays under the vector meson dominance (VMD) hypoth- 
esis with the flavor SU / (4) symmetry for the strong 
vertices and then compare the results with those for the 
-D+7T decays. Because the VMD hypothesis with the 
ideal uj-<fr mixing and the flavor ST// (3) for the strong 
vertices works fairly well for the radiative decays of light 
vector mesons |29j, we extend it to a system containing 
charm quarks below. The V — *• P7 amplitude can be 
written in the form 

M(V -► Pi) = e^G^(V)F a0 ( 7 )A(V Py), (6) 

where V, P and A(V — > Pj) denote a vector meson, a 
pseudoscalar meson, and the VPy coupling strength, re- 
spectively, and Gp V (y) and F a p{y) are the field strengths 
of a vector meson (V) and a photon (7), respectively. 
With the VMD hypothesis, A(V — ► P7) can be approxi- 
mated as 



A(V -> P7) 



E 



V f —p , OJ, <f) y ifi _ 



X v >(0) 



A(V->PV), (7) 



conventional scalar -D*^ 



where A(V — > PV') denotes the VPV' coupling strength 
and Xv(0) is the jV coupling strength on the photon 
mass shell. (The photon-momentum-square dependence 
of Xy is studied in Ref. H^.) The values of the quan- 
tities X\/(0) have been estimated from analyses of the 
photoproduction of vector mesons in scattering from var- 
ious nuclei [2jj. For ip photoproduction, both the mea- 
sured differential cross section at t = and the ipN to- 
tal cross section estimated from the A dependence of 
the photoproduction cross sections still have large un- 
certainties. (Here N denotes a nucleon.) The neces- 
sary values of Xy(0) thus obtained using existing data 
on the photoproduction of vector mesons are as follows: 
X p (0) = 0.033 ± 0.003 GeV 2 , X U (Q) = 0.011 ± 0.001 
GeV 2 , V (O) = -0.018 ± 0.004 GeV 2 and X (O) - 0.054 
GeV 2 .) [The last value was obtained from da(jN — > 
$N)ldt\ t =o - 20 nb/GeV 2 and a T (tpN) = 3.5 ± 0.8 
mb [3l| for the ipN total cross section.] The values of 
X < p(Q) and X^,(0) are considerably smaller than those 
of V^m 2 ) and V^(m 2 ) estimated from the measured 
rates for the lepton-pair decays of <fi and ip, respectively. 
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Also, the VPV coupling strength can be estimated from 
the measured rate for the u> — *• 7r°7 decay: Setting 
(V, P, V) = (u>, 7T°, p°) in Eq. Q and inserting the above 
value of X p (0), we obtain 



\A{w 



18 GeV" 



(8) 



from T(cj -> 7r 7 ) CX p = 0.734 ± 0.035 MeV pj|. 

To estimate the uncertainties arising from the VMD 
and the ST// (4) symmetry for VPV vertices, we focus on 
the D* — > Z?7 decays. The amplitudes A(D* — > D7) are 
given by the p°, and ?/>- meson poles. Using the SU /(4) 
relations, 2A(D*° -> D°p°) = 2A(D*° -> D°cj) = 
\/2A(Z?* -> L>» = -2A(L>*+ -> L>+p°) = 2^1(L>*+ -> 
D+w) = v / 2^4(£>* + -D + '0) = A(w -► 7T°p ), and 
Eq. ©, we obtain T(D*+ -> - 2.4 keV and 

r(D*° — * D°7) ~ 19 keV. The former is consistent with 
T(D*+ -> J D + 7) oxp ^ 1.5 keV (with - 30% uncertainty) 
if a possible reduction by ~ 40—60 % arising from asymp- 
totic St//(4) symmetry breaking 19] due to the overlap- 
ping of spatial wavefunctions is taken into account, as 
discussed above. This should be done because the VMD 
hypothesis with the ST// (4) symmetric VPV couplings 
again overestimates the rates for the radiative decays of 
charm mesons, here by ~ 40 — 60 %. The latter is con- 
sistent with T(D*° -> L>°7)cx P < 800 keV 0. The 
large difference between the above two rates results from 
the fact that the contributions of the p°, u> and ip me- 
son poles interfere constructively in the latter decay and 
destructively in the former. 

Now we are in a position to consider the D* + — > Dfj 
decay. We compare the result with that for D*+ — > D+tt° 
later. The amplitude is given by (f> and ^-meson poles. 
Using the SUf (4) symmetry relations, V2A(D* + — > 
D+4>) = V2A(D*+ -> D+tp) = A(lu -> n°p°), and 
Eq. iJS}, we obtain a small rate, 



T(D*+ -> L>+ 7 ) - 0.8 keV, 



(9) 



because of the destructive interference between the <j> 
and ip pole amplitudes. However, this result satis- 
fies the experimental constraint, T(D* + — > Z?^"7) C xp < 
1.8 MeV |3 . 

Similarly, the amplitude for the radiative decay of the 
scalar meson S — > Vj can be written in the form 



M (S - U 7 ) - G^(U)F^(7)A(S - U 7 ), 



(10) 



where S = Ff, F + or D*^. Under the VMD hypothesis, 
the above A(S — > Vj) is given by 



A(5 -> U 7 ) * £ 



Jfv(0) 



A(S-^ W). 



(11) 



The SUf (4) relations relevant to A(S -> VV) arc 
A(F+ - D S *V) = A(F + D s *+a,) 

= A(0 - <5*V)/?', (12) 



,s() 



2A(D 



(13) 



where f3' denotes a suppression factor (like f3 used above) 
arising from the overlapping of the color and spin wave 
functions. We again assume that the system under con- 
sideration is not very far from the limiting case, i.e., that 
of full suppression for A(Fj~ — > D* s + p®) and no sup- 
pression for A{4> — > 5 sQ p°) (the so-called fall-apart de- 
cay). However, the two pairs of quarks {qq} are now 
colorless vector states, i.e., |/3'| 2 ~ \ from the crossing 

matrices for color and spin 13]. For (i) S = Fj, (ii) 
S = F+ and (iii) S = the amplitude A(S -► Vj) 
is dominated by (i) p , (ii) cj, and (iii) <j> and -0 poles, 
respectively, because of the OZI rule. The input data 
are \A(<p -> S s0 p°)\ ~ 0.020 MeV" 1 , obtained from 
r(0 -> a (980)7) exp = 0.32 ± 0.03 keV [3, for (i) and 
(ii), and \ A( Xc o -> V^)l ^ 0.0823 MeV" 1 , obtained from 
T(XcO -> V'7)oxp = 119 ± 15 keV 0, for (iii). Inserting 
Eqs. (JTTJ and (JT^J or Eqs. and O into the ampli- 
tude, Eq. QlOfl . and taking the values of the quantities 
Xy(0) listed above, we estimate the rates for the radia- 
tive decays of the scalar mesons listed in Table I. The 
rate for Fq — > D* + ^/ is smaller by an order of magni- 
tude than that for Fj — > D* s + ~f, because of the relation 
3V W (0) ~ X p (0). 

Table I. Estimated rates for the radiative de- 
cays of charmed scalar mesons. 



Parent (S) 


Ft 




n* + 


Pole(s) 




LU 




T(S - D+i) (keV) 


- 45 


- 4.7 


~ 35 



Therefore, using Eq. (J3J and the results listed in Table I, 
the ratio reads 



rip = ^— 

Fl T(F+ 



D*s + l) 



0.005, 



(14) 



which satisfies the constraint given in Eq. Q, as ex- 
pected. 

In the above, we have studied the radiative decays 
of F+ and F+ by taking only T((j> a (980)7) oxp = 
0.32 ± 0.03 keV as the input data, although another ra- 
diative decay, (f) — > /o(980)7, has also been measured. 
The reason for this is that the latter is apparently more 
uncertain than the former. If the measured rate 0] 
r(0 -> /o(980)7) exp = 1.87 ± 0.09 keV were taken as the 
input data, the rate for the /o(980) — > 77 under the VMD 
hypothesis would be given by r(/o(980) — > -yj)vMD — 15 
keV, which is much larger than T(/o(980) — > 77) C x P = 

0.39±g;ig keV Also : the ratio R F t would be ob- 

tained as Rp [ ~ 0.2 in the same way as in Eq. JT3J. 
This implies that the electromagnetic interaction would 
not be very much weaker than in the case of ordinary 
strong interactions, and thus it leads to an unnatural 
result. The above would imply that the input data 
r(0 — > /o(980)7) cxp is too large. By contrast, if we take 
T{4> — > ao(980)7) oxp , as before, we can accurately repro- 
duce the above r(/ (980) — > 77) C x P - 
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Next, we discuss isospin non-conserving decays. The 
amplitude for D* + — ► Dfir is approximately given by 



M(D 



*+ 



(Dt\A„o\D* e 



(15) 

as in Eq. 10. Here we have assumed that the violation 
of isospin conservation is caused by the r]-ir° mixing, i.e., 
A n o — > A„a + cAq, (|e| -C 1), and therefore we replace 
(L>+|A 7r o|L>*+) bye(D+\A v \D* s +). The axial charge A n is 
given by A n — cos • A„« — sin ■ A v s , where A v n and A„a 
are the {nn} and {ss} components of A v , respectively. 
In the asymptotic matrix element of A^, only the matrix 
element of A^s can survive, due to the OZI rule, and the 
asymptotic 5(7/(4) symmetry leads to (Df\A,f |7J* + ^ — 

Ifr+IAr+l ' 



Therefore, it follows that 



I A, 



(16) 



The size of (^+1^4^+ |p°) can be estimated as 
| (7r + 1^471-+ 1 | — 1.0 [2(j from the measured rate, 
T(p -> 7T7r) cxp ~ 150 MeV [3. Inserting Eq. JTBJl with 
8 ~ 35° {Op ~ -20°), as before, into Eq. and using 
the measured branching ratios for the D* + — ► Dfn and 
D*+ — > 77+ 7 decays we get 



1.0 x 10" 



(17) 



where we have used Eq. ©. This value of |e| is consistent 
with the result given in Ref. j2^| and with the second- 
order effect of QED, as argued qualitatively above. 

With the help of the above value of |e|, we finally 
consider two cases of the isospin non-conserving decay, 
£>+(2317) -> Dfn°: (a) assuming 77+(2317) is the 
scalar four-quark Fq ~ [cn][sn]j=o, and (b) assuming 
77,^,(2317) is the conventional scalar D*q ~ {cs}. The 
amplitude for the 5 + (= Fq or D*£) — ► Dfir decay can 
be approximated as 



M(S+ -» 7J+7T ) 



(7J+U 7r o|5 H 



(18) 



as in Eq. © . Because such a decay is assumed to proceed 
through the ir°-rj mixing, as discussed above, we replace 
the matrix elements {D+\A^o |F +) and {D+\a\o \D* s £) by 
the OZI-allowed matrix elements ecos9 • (Df\A v n \F^~) 
and — esin0 • (Df\A v s \D*q), respectively. 

In the case (a), the modified asymptotic 5(7/(4) 
symmetry leads to 2{D+\A r} n\F^) = (n + \A v s\5 s+ )(]. 
Then, taking |/i| 2 ~ i and \V2(iv + \A v s \6 s+ )\ = 
| (77 s 1^4^- \5 s+ )\ ~ 0.8, estimated above, we obtain 



r(7^ + 



77+Tt" 



0.7 keV, 



which is again smaller than T(F f — > D* + j) ~ 4.7 keV, 
listed in Table I. However, the ratio of the decay rates, 



_ T(F+ £> s *+ 7 ) 
r(F + - D+ttO) 



(20) 



is still much larger than the experimental upper bound 
appearing in Eq. p|. although it is much smaller than 
that conjectured intuitively. This is because the radiative 
F^ — > 7J*+7 decay is suppressed due to the small 70; 
coupling. 

In the case (b), the asymptotic 5(7/(4) symmetry leads 
to (D+\A v s\D*+) = (K+\A^\K^°). The size of the 
right-hand side is estimated to be | (AT" 1 " |^4„-+ I^q ) | ~ 
0.29 from the experimental result T(Kq° — > K + ir~) cxp = 
182 ±24 MeV j3- Here we have assumed that K% (1430) 
is the conventional 3 P {ds} state 0|. Using the above 
result for the asymptotic matrix elements, the value of 
|e| in Eq. (UJ, and 8 P = -20°, we have 



T(D*+ - 77+vr ) ~ 0.6 keV, 



(21) 



which is much smaller than the other estimates 0, 0, 
I25I l26l I27I l32l| . In this case, the ratio of the rate for 
the radiative decay (listed in Table I) to the isospin non- 
conserving rate is given by 



FLd* 



d: + i) 



60, 



(22) 



as conjectured intuitively. This value is again much larger 
than the experimental upper limit given in Eq. (I}. It is 
quite natural that Rp and Rd* in Eqs. (|2*U|) and l(2^|) 
are much larger than unity, as the rates for isospin non- 
conserving decays are proportional to |e| 2 = 0(a 2 ), as 
discussed above, while those for the radiative decays are 
proportional to a, where a denotes the fine structure 
constant. 

We now discuss other models [H El IM El E3 , in 
which 77,^(2317) has been assigned to the chiral part- 
ner of Df (or 3 P {cs})- Although those models pre- 
dict much smaller values of the ratio 7?n* than our 

sO 

result, given in Eq. (|22|l . most of them are still larger 
than the experimental upper bound given in Eq. lfT|). 
In Ref. |23, for example, the small ratio Rd* — 0.08 
is obtained. This is quite near the experimental upper 
bound appearing in Eq. JQ), but it is still a little larger. 
In this model, the estimated rate for the D* — ► 7) + 7r° 
decay is T(7J; -> 7J+7t )beh ^ 21.5 keV, which is 
considerably lar ger than the other estimates (~ 5 — 10 
keV) [ill ll2L l25L l32| . If the value of the unknown param- 
eter needed to obtain this rate is employed, the width of 
the non-strange partner, ~ {cfi}, of D* is predicted 
to be around 500 MeV [27]]. However, this value is much 
larger than the measured widths (~ 240 - 280 MeV) of 
the broad bumps that have been observed in the D°ir + 



and D + ir~ invariant mass distributions [83ll3 1| and have 
been interpreted as peaks arising from the scalar reso- 
(19) nances D'q. In addition, the widths of the resonances Dq 



might be narrower. Specifically, the argument [Tflj has 
been given that these bumps have a structure containing 
two scalar resonances; one is the conventional Dq with a 



width 
D 

value T(D; 



50 — 90 MeV, and the other is the four-quark 
en] [ud] with a width ^7—15 MeV. Therefore, the 



Dfir°) ~ 21.5 keV seems to be too large. 
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For the radiative D* s ^ 

predicts T(D*+ - ^:+ 7 )beh - • 

very far from the other predictions jll], [12, 12a, |2g| ■ In 

the model, however, the rate for the radiative decay is 
very sensitive to the assumed values of the constituent 
quark masses. The above small rate has been obtained 
by choosing m c ~ 3m s , which is very far from the picture 
of the heavy charm quark. In addition, there is an ar- 
gument based on a semi-relativistic potential model [3f| 
that m c ~ 1.4 - 1.5 GeV and m s ~ 0.090 - 0.095 GeV 
near the scale of the charm meson mass under consider- 
ation. Such a small value of rn R might be supported by 
recent lattice QCD analyses [3(j. Moreover, the model 
predicts 



L>* + 7 decay, the model [27J 
1.74 keV, which is not 



r(D* 



r{Dt 



Dtl) 



0.018, 



(23) 



BEH 



in the case that parameter values yielding T{D*J ) — > 
^J + 7)beh — 1-74 keV are used. The above ratio is much 
smaller than the the well-known experimental value |16| , 



Dtn ) 



T(D* S 



oil) 



= 0.062 ± 0.026. 



(24) 



cxp 



The model studied in Ref. |2g predicts a small rate for 
the D*^ — ► D* s + "j decay that is consistent with the result 
discussed above. It also predicts a large rate, 

T{D*+ -> D+tt°) ~ 129 keV, (25) 

in the case that a large value is used for the isospin vio- 
lating parameter, €ag — 4.0 x 10~ 2 , which has been es- 
timated by using the measured branching ratios for the 
OZI violating decays 0, B(J/ip(2S) -> J/V(1S>°) = 
(9.6 ± 2.1) x 10- 4 and B(J/i;(2S) -» J/ij){lS)ri) = 
(3.17 ± 0.21) x 10~ 2 . As a consequence, a small ratio, 
-Rd* < 0.015, which satisfies Eq. 0) has been obtained. 
However, the above value of e^c is much larger than the 
value of |e| that we estimated from the measured ratio 
in Eq. (|24|l . This seems to imply that the mechanism of 
the isospin violation discussed above is different from the 
usual ir°-r] mixing. For this reason, the model studied in 
Ref. |2|j cannot reproduce Eq. 124(1 . We conclude that it 
is difficult to satisfy the experimental constraint given in 
Eq. 0} while simultaneously realizing consistency with 
the well-known ratio Eq. (|24ll if 1)^(2317) is assigned to 
an I = state. 

In summary, we have studied the D J, (2317) — * D* s + ^ 
and D+(2317) -> D+n° decays using the VMD hy- 
pothesis, the hard pion technique in the IMF, and the 
(asymptotic) SUj(A). We used the measured rates of 



r(XcO -> ■07)ox P and T(cj> -> a (980)7) oxp as the in- 
put data, although the assignment of ao(980) to the iso- 
triplet four-quark meson, S s , has not yet been confirmed; 
i.e., it might contain some other configuration, like a KK 
molecule [3j|. We have also checked ambiguities arising 
from the above approximations by comparing our results 
for D* -> Dj (and D* -> Dn in Ref. (T^) with exist- 
ing experimental data. In this way, we have observed 
the followings. (i) The assignment of -0^(2317) to the 
iso-triplet four-quark meson, Fj ~ [cn][sn]/ = i, is consis- 
tent with the experimental constraint, Eq. lfT|l. as seen 
in Eq. Ijl4|l . (ii) It is difficult to reconcile the assign- 
ment of Df (2317) to an iso-singlet meson (the four-quark 
Fq or the conventional D^q) with Eqs. and l(2*4T) si- 
multaneously. This is quite natural, because the rates 
for the isospin non-conserving decays are proportional to 
|e| 2 = 0(a 2 ), while those for the radiative decays are 
proportional to a, the fine structure constant. Thus, it is 
seen that the assignment of Z?^q(2317) to Fj is most rea- 
sonable. In addition, this assignment is compatible with 
the observation that the estimated branching fraction for 
B — ► DD^j would be consistent with the measured value 
if the D^j are interpreted as four-quark mesons, while 
it would be much larger than the measured one if the 
Dfj are interpreted as the conventional {cs} ^(j- The 
remaining problem is that neutral and doubly charged 
partners of Fj~ have not yet been observed 0. To solve 
this problem, we need to know the production mechanism 
of the Fj' + ' ++ mesons. Determining this mechanism is 
left as a future project, (iii) Finally, the numerical re- 
sults obtained in this work should not be interpreted too 
strictly, because our theoretical framework may result in 
a total overestimate of ~ 40 — 60 % in the rate. Even 
considering this ambiguity, however, the conclusion of 
the present work is not changed. 
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